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1. EXECUTISUBMMARY

The OfficesofCotunes ePedmlred he District of Col um
the National Renewable Energy Laboratory (NREL) of the Federal Departmiemergfy and

the Clean Energy States Alliamc ( CESA) compl et e 8tudfiforithe Didtrictt ur e o f
of Columbiad Synapse Energy Baomics, Inc., contracted to undertake the study for ®PC.

The objectives wefe: OPCO6s sol ar study

(1) Assessment of thassibility of meeting the 100% renewable portfolio standard (RPS)
by 2032 and the solar careait provisionof the RPSequiring that 10% of renewable
energy be sourced from solasidethe District of Columbia by 204 pursuant to the
CleanEnergy DC Omibus Amendment Act of 201&nd

(i) Assessment of the technical and economic potential of solar by ward and type of
deploymentooftop vs. parking lot canopprivatevs. community) including estimase
of the price ofolar energgreditsandthe presence ofost shifting between solar and
nonsolar owners.

The scope of the study is limiteldie tobudget and time constraints. These limias
include the following issues:

a) The study did not assess the cost of meeting the RPS and its impaispayers,
relative to an alternative without an RPS statute.

b) The study did not specifically determine how hosting capacity constraints, permitting
barriers, rooftop conditions, and other factors inhibit the development of solar in the
District.

C) The stug did not assesthe performance of the Solar for All program with respect to
evaluating whether it will achieve its goals, how program design might be optimized to
deliver the greatest benefit to the Distriot its impact on meeting the solar caou.?

d) The study stimated the rate and bill impacts of solar development but did not conduct a
valueof-solar analysis to account for all thenefits that solar provides to the grid and

1 OPC thank«\REL for itsinitial funding and itsguidance and technical suppahdCESA, as well athe
Departmenbf Energy and Environmentfor DC for its valuableeomments on varigs sectiors of the study.

While this staly did not explicitly estimatsolar deployment due to ti8alar for All program the contribution

of this program toward overall District careit achievement is believed to be reflected innleglium and

high senaios investigated by this study. Whilee modeled community solar development as a function of

overall solar development dynamics in each of our projections, it bearomérdat community solar might

have insteatteenc oncept ual i zed xagenaughd no tis | g . i By eSoldréodAlliso i mpl y
affectedlargely byadministrative forceandregulationsrather than byncentives oothermarketbased forces
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wider community, nodid the study examine the equity or distributibimapacts of sar
in detail®

e) The study examinetihe bill effect of solapn thedistributiongrid to an averageatepayer
or customerThe studydid notassess how incremental solar on the grid iwipact low
incomecustomerg

Finally, OPC believes that this studyaisiving document thanaybe updated as inputs and
assumptions change, and urges readers of this study tocas@ausly and witim the
boundaries set biye objectives and scopes or limitations indicated above.

The District of Caimbia passed theléan Energy DC Omnibus Amendment Act of 2018 in
December 2018, making the Districtdos Renewabl
ambitious. The new policy requpplytobesdudcéd per cen
from renewable generats by 2032. The policy also requires 5.5 percent of that 2032 electric

supply to be sourcedom in-District solar( t he s o-bat 0 At a qiendlyerameimgt )

up to 10 percent by 2040f the 56 states drterritoriesin the Uhited Statesthe Dstrict was

third in instituting a 100 percent renewabl e

Theoverallrequiremento sourcel00 percenbf electricity from renewabldsy 2032 is expected

to be me#t arelativelylow costthrough the purchasof renewable energy certificates (RECs)

from theregionalwholesale market The Districtaccounts foa small fraction of this large
regionds el ectr i c aobnaalecan statesaze plentiful wirel arfd 3oMr r e g |
resources relative théD C GR®S requirementsT h e  Di s t digibte tebesvablRe P S e
resources include wind, solar, biomass, landfill gas, and some hydroelectric generators located in
the PIJMRegional Transmission Organization (RT@hichspans the MigAtlantic and extends

inlandto Chicagg and states adjacentttee PIM footprint® Thereforewe concludehat the

3 oPCo6s sol aralueof gsothin 204 fincludésalirect and indirect sts and benefits to individuals and
sociey at large.The presenstudy did not undertak&ucha detailed and exhaustive analysis of values that can

be attributed to solar or renewable because it was outside the scope of thinstads, it refers to 812017

study.

An average customer inighstudy is assumed to be a residential customer with an average monthly electricity
consumption of about 700 kWh.

The study was completed in the fall of 2019 (before GA@y but the release was delayedncorporate

comments

Low cost relativeto the ceiling price set by the high alternative compliance payment by DC CotRegiknt

ruling by the Federal Energy Regulatory Commission on minimum price offer rule (MiDleRunchanged,

could result in either significantly higheripes or a slower development of renewable resources

States within PIM Interconnection (Delaware, the District of Columbia, lllinois, Indiana, Kentucky, Maryland,
Michigan, New Jersey, North Carolina, Ohio, Paivemnia, Tennessee, Virginia, and Westg#iiria), and states
adjacent to the PJM Interconnection region (Alabama, Georgia, lowa, Missouri, New York, South Carolina, and
Wisconsin) are eligible to offer RPS certified electricity generated from renewableces

Throughput this report, wherevBJIM footprint states or jurisdictions are mentioned for the purpose of meeting
DCés RPS requirement, it will also include states ad]j

Synapse Energy Economidse. Future of Solar ¥ in the District of Columbia 2




District will comply withits RPS requirement each year up to amaiuding2032, with REC
prices trending toward $18r megawatt houMWh) (2018dollarg throughout that period.

However, the Distridi s s o |-autrwill kaly pvoge much more challenging to mé&to
date, the Districhas not met its solar careeit oldigation due to several critical barriers:
distribution system hosting capacity consitsj limited space for solar development, high
upfront solar costs, customer financing barrigresignificantshare represented Bpft cossin
theoverallcost ofsolar deploymentand the uncertainty of ti&olar Renewable Energy
Certificate (SRECprogram!!'2 Meeting the solar carveut requirement going forward is also
expected to have challenges if those barriersar@ddressed in the net@rm. Inthis report,
Synapse calculates that the quantity of the solar obligetinstitutesa large fration of he

Di st currentecdoreomic solar PV potential. Moreover, though greaoralinted solar is
typically less costlyhan rooftop solar on a peregawé# (perMW) basis, the availability of
space for groundhounted solar is limited given the Distri® s whlameneronment
indicating that the solar canat will likely be primarily met through more expensive rooftop
andparking lotcanopy installatns Despite these factors, achieving the solar cante
objectiveds technically feasible thragh the development of rooftop and parking lot solar
systems, but will require substantial ongoing investment and engageyniet District and
developers aliké?

Synapse developed three projectidosw, Middle, andHigh) to characterize different future
trajectoriesof solar installation between 2019 and 2041. The solanBtdllation projections
rely on historical datasgprovided by the Public Service Commission and the Department of
Energy and Environmenthe projections envision future installatggorimarily on rooftops and
parking lot canopiesvith minimal groundmountedinstallations.

These three solar projections are applied to each ward, vavitimthe differing rooftop and
parking infrastructuréhat currently existacross the District. d 1 hagshe smallest share of

t he District6s .4percemnpwhie&vard mothedangest sadre ofsolar 6
technical potential at 18.7 percent. Comparing the sarel technical potentials to the historical

9 In 2018, District suppliers paid an average aB%Xor Tier 1 RECs and about $1.13 foeffl2 RECs. Tier 2 RECs may be
used for just a small fraction of the overall RPS requirement and will be completely phased out after 2019. Source: Synapse
calculations based on dat aable Energy PDriblioRstutiard for Reanpl@aret Yermrt Ré 1RBe o
0 1t should be notedttlast aDGamaldolsairbsear wd the RPS, an
from the PJM footprint or adjacent states.
Informal interviews with installexindicated that soft osts (.e., customeacquisition, perntiing, inspection,
interconnectioninstallation, taxationand system financingccountfor about 75% of solar installation costs.

Whited, M., A. Horowitz, T. Vitolo, W. Ong, T.Wo | f . iDi st r i btictoeGblunth@mloa rApirni It hle2 ,Di2s0 17
page 2 http://www.synapsenergy.com/sites/default/files/Distribut&blarin-DC-16-041.pdf

11

12

13 It should also be noted that there wtgntial that somehare of current parking lot space may be given over to

new building construction, which could require change
percentage of parking lot space available for solar deployment and the ocodiegpsolar poteri.
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installation of solar in edcward shds light on which wards are lagging their technical potential.
To date, Wards 2 arRlare lagging in installationglative to their technical potentiefiin

practice, the District can influence the actual quantity of solar installed in eactimargh

policy adjustmentanarketing and other customer outreamt)y focusng the Solarfor All
programon specific locations.

Community solar in the District is nascent, withited installed capacitgt the time of this
report 6s p u blly,icanaunity sotar. projlcisttendotanbe installed in relatively large,
groundmounted instiéations to reduce costs. Howeyéhese installations require conditidhgt
are rardn the District, suggesting higher installed costs for community sclarsinict. Because
of the Districtdés net tomdhatenost solgPV mstalledionthe s and t
District will be sized consistent with esite load, Synapse does not forecast community solar
built on any privatelyowned rooftops or parkinigts. Instead, Synapse models tathfuture
community solar systemsilbe built on localgovernmentowned rooftops andguking lots.

Using the ratio of private to Distridiwned land, this assumption results 8pkrcent of in

District solar capacitypeingcommunity solar, over half of which can be built on parking lot
canopies. Based on the distribution of available Distweted land, the least community solar is
projected for Ward 3 and the most for Waitland8. Community solar represents a puially
effective tool tospursolar PV adoption in some regions of the city. Furthermore, community
solar (especially through the Solar for All program) rbayenhanced with improvements in
distribution grid upgrades.

To evaluate the impact of each oéthreeprojections orratepayersSynapse developed a
simplerateand billmodel to estimate average electricity costs for residential customers for each
future year of the RPS in each projection. The RPS is modeletpasting ratesn two ways

by introducing new supplier costs associated with acquiring RECs and/or nidiengative
CompliancePaymentgACP), and by reducing the total volumeadéctricity salesOverall, the
Middle projectionappears to be just shfy more expensive on a dollgogrunit-of-electricity

basis than theow projection. Due to the impact of lessened grid energy consumption, however,
theMiddle projectionis associated with slightly lower total residengtdctricity billsthrough

2041 Meanwhile, théHigh projection isassociated with both lower rates and lower bills.

These rate results do not provide a complete picture of scenario ecofontiese are
important distributional consequencEsr households with PV, increases in gletty rates are
compensated for byeir declining grid energy consumption, and probably more than offset by

14 This study did not evaluate the factors that have contributed to differentiated adoption of solar by ward.

Undertaking such an analysis may help to identify factors that could be targeted to enhance solar adoption.
The study di notperform analysis of thealue of solar by ineiding enviromental, human health, economi
developmentand other beefits. Thestudyonly assessethe marketcosts of solar renewable energy credits for
electricitygeneratdfrom sola, ard the ramifcation of declining utility sales on rates

15
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SREC revenues once PV system investments have been repaid. In other words, on net,
households with PV are likely to face better economics undircescenarios than they would
havehad there been no RPS standard at all; meanwhile, those households without PV may do
worse.Synapse considered these distributional impacts through-ahatisinalysis that

estimated the effect of distributed solartba bills of average custonsdi.e., the bills of

customers without solar) in the Middle and High scenarios relative to the Low scenatrio.

Severakey inputs are uncertain, including the overall viability of parking lots and municipal
property for PV development, the potential for change®ningand development regulations in
the future, and the extetd which parking lots will be given over bwilding construction. Also
unknown is the extent to which average solar panel efficiency in the District will improve over
the study period, ahhow enggy efficiency, electrification of enrdses, and population growth
will affect overall load growth. Weested the impact of changes to many of the key underlying
assumptions in a sensitivity analyaisthe close of this study.

Though the Distrithas not met its ambitious solar caxugt to date the norcompliance gap has
been shrinking, suggesting thbgress may be taking hold. To ensure this upward trajectory
continues, Synapse makes several policy recommendations to be implemente@ar tihad,
and longterm.We recommend thahé Dstrict closelymonitor solar installations, the
interconnectin queughrough Pepcabuilding permit applications, and SREC pricasprderto
react quickly should installations slow. Similarly, the Dgdtcould require thaPepcaostudy the
di stributi on s yheteeln®\¥neadsarib complywith the darwesut using
existing infrastructureTo the extent that the system cannot support adequate\®opment
Pepcoshould be requikto determine the investments necessary to accommodate the needed
incremental sola Pepcacouldbe required to upgrade the distribution sysiepotentially with
the support oACP funds Changing land use policies or building codes tpire solar PV for
new construction or substantial renovatioansther wayo drive solar adoption. To the extent
that installations are ndistributedequitably across the city based on technical potential, the
District can respond with marketing owtcdh, Solar For Alcommunity solar installations on
DC-owned rooftops and parking lots, or other targeted approaches.

2. INTRODUCTI ON

In 2017, Synapse Energy Economics, Inc. (Synapse) produced a report for the Office of the
Peopl eds Coun s Colunibia (OPC)Haeexpbiedkeyrissued relatedie

distributed solar target enacted in the Renewable Portfolio Standard Expansion Amendment Act
of 2016 The Actsetthe new RPS target 50 percent renewables by 2032 with a solar eante

Synapse Energy Economidse. Future of Solar ¥ in the District of Columbia 5




of 5 percaet.!® The report asessed barriers and policy options, the technical and economic
potential of solar, the value of s-witlear, and c
resolution. The key barriers identifieathat report included access to suieabpae, a slow
interconnection process t hicuiliyy inceRanty aboutthe he Di st
future price level oBolar RenewableéEnergyCertificates (SRECSs), and solar upfront costs and
financing!” While solar photovoltaic (PV) costavecontinuel to dedined benefiting from

efficiencies in hardware productianstallation, and marketidgthe development of this

technology in the Distridias remainedelatively sluggish

In December 2018, the Digtt passed the Clean Energy DC Omnibus Admeent Act of 208

which extended the Districtds Renewable Portf
electricity by 2032 and set a new trajectory for the solar eautewith targets of 5.5 percent by

2032and 10 percent by 2048 In light of this updated RPS, @Phired Synapse Energy

Economics to conduct a study eaing the feasibility and impacts of meeting these new

targets as well as the likely mix of private and community salenoss the DistrictThe resulting
report bui | previous workSoOR@ \pith @pdaseso reflect the new legislain

and toaddress the economics, geography, and other critical dimensions of the reqglared

buildout.

This report is comprised of four primargctions, each of which answers a key qoesti

Section3: Feasibility of Attaining RPS Goals.How feasible are the new RPS targets
for the District?

Section4: Solar Projections.What might the growth trajectory for solar in tBéstrict
look like through 204by ward and what role will community solar play inthe B3t r i ct 0 s
future?

Section5: Rate Impacts.How will the solarcarve-outrequirement impact electricity
rates in the Distric?

Section7: Policy RecommendationsWhich policies mightontribute toincreases in
the likelihood of the District meeting the sotarveout?

16 Council of the District of Columbia, B2@650:http://lims.dccouncil.us/Download/35409/BP650 SignedAct.pdf

17 Whited, M., AHxr owi t z, T. Vitol o, W. Ong, T. Wool f . AiDi stributed S
page 2http://www.synapsenergy.com/sés/default/fies/DistributedSolarin-DC-16-041.pdf

18 Council of the District of Columbia, B2@904:http://lims.dccouncil.us/Download/40667/B2®04SignedAct.pdf
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3. FEASI BI LINNIFEDOFNG NEHNMR P S

Evaluating the feasibility ofméei ng t he Di strictébés updated RPS
RPS mechanism. Electric suppliers, including both Pepcac@mgetitive electricity suppliers

are required to comply withthe RP&e h year . Blligation is sepapd pereentaps

of its sales, on a megawdbur (MWh) basisUnder the Clean Energy DC Omnibus

Amendment Act, the 100 percent renewable energy target and the solaoubave separate
butinteracting components. The legislation regsiDistrict suppliers to fulfilboththe overall

RPS Tier 1 requiremesind the irDistrict solar carveout requirement®?° For every MWh of
obligation,the supplier must retire the appropriate number of Tier 1 renewable enedgy c

(RECs) which are generated by qualifying renewadmarces acrod3JM and adjacent stajes

well as the appropriate number®RECs whichcan only be produced by solarthe District In

2019, for example, for each 1ligafiohWaslVBMiWheoff ener
qualifying Tier 1 renewable resources (17.5 percent of 1,000) and 18.5 MWh of qualifying solar
powered energy (1.85 percent of 1,000; Balele2). Becausé&SRECs count toward the Tier 1
requirement, attainment of the SREC target contriébtdeattainment of the Tier 1 target.

Becaus netmetered solar generation in the District reduces electricity sales, District solar

makes aeconedorder cofribution to the overall RPS Tier arget by reducing the total number

of Tier 1 RECs that must locurec??

If a supplier does not procure enough SREQO®USt pay the alternative compliance payment
(ACP) associated with that compliangear. The ACRalueserves as a price ceiling fSBRECs
becausa supplier woulgsimply make ai\CP rather tharpurchase SREG@ta price that

exceeds the ABvalue Becausesuppliers are required to either purchase SRECs or pay the
legislated ACP price, coshinimizing suppliers are expected to opt for SRECs at just under the
ACP value while the market for SRECs isistrainecf?

19 The inDistrict sobr carveout includes both solar PV and solar thermal as qualifying resources.

20 The Clean Energy DC Omnibus Amendment Act also requires District electricity supplietse a modest share of total

sales in Tier 2 RECs each year through 2019.

21 District solar production reduces the number of SRECs that must be procured: the less solar capacity that is online in a given

year within the District, the higher the SREAget, in real terms, will be.

22 Following the 2017 Synapse study, we assumed tlesSREC market price would be 96.7% of the ACP value while total

installed solar capacity is below the required canwelevel With limited historical price data, deteming the exact

difference between the ACP and SREC price levels for a given futaras/less an empirical question than one of

analytical judgement. Nonetheless, over the period 2016, with the ACP at $500/MWh, the average SREC price has
increasedrom $300.16/MWh in 2011 to $477.18/MWh in 2016. This suggests that the ACP haaffleetime in pulling up

the SREC price. See Public Service Commi ssion of the Distr
Standard Compliance forYear0 17, 6 and si mil ar reports for prior years as
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The ACP iscurrently set at $50perMWh andis scheduled to ramp down in price starting in

202423 In addition to the obligation to make ACP payments, a supplier that fails to meet the

solar carveout in a given year is also required tofilleé figap 6 wdisfrdmthBEHJMr | RE
and adjacent states

3.1. Tier 1 RPS Requirement

First, we assesslthe feagbility of the District meeting its target of 100 percent Tier 1 renewable
energy by 2032. As mentioned above, the compliance reports indigathdtDistrict has

fulfilled its general Tier 1 requirement in every year since 2007. By 2032, when thetDsstri
expected to supply 100 percent of its electric sales with renewable energy, total annual sales are
expected tde greater thaml million MWh.2*In terms of technical feasibility alone, it is

expected that the District wilhce less difficultyin continuing to meet its Tier 1 renewable

energy target because of the large quantity of RECs available RIhe@nd adjacent states

footprint.

We arrived at this conclusion based on a similar analysis that Synapse conducted for the state of
Maryland, which quantified the feasibility of meeting an expanded RPS of 25 percent b 2020.

The results of that study showed that Marylamlild very easily le a&le to meet the

requirements of an expanded RPS with avail&@dl resources, given the small size of

Maryl andds | oad rel at i v ePJM regioh énd adjacerd stdtbatiat | i t vy
study, weusal the results from a previous analysehducted by thé&lational Renewable Energy
Laboratory tadevelop a lowand highestimate of available renewable resources in Blidible

for Mar yl an (hgdo, bibrhass; and ondRd?eSvirelY he low estimate was

calculated to b@90 million MWhper yearand thehigh estimatavas assessed A300 million
MWhperyeasThese esti mates do not include solar PV
Ti er 1 RPS. However, sol ar PV is eligible in
estimade to 382 million MWh and the high estimate to 11,340 million Mp@hyear?’ We note

23 Similarly, suppliers that do moneet overall Tier 1 targets are subject to the Tier 1 ACP, which is currently set at $50/MWh

through 2041. While individual suppliers have missed respective Tierettsang the aggregate, the District has met its

overall Tier 1 goal foreachyearsenc 2007. See summary of the Department of En:¢
Compliance Summary Data, 0 available online at:
https://emp.lbl.gov/sites/default/files/rps_cpllance_data_nov_2018.xIsx.

24 This is based on total District electricity salesttohne year 2017, as reported in the Ener

(EIA) form 861 (10.9 million MWh), escalated annually at a rate of 0.2% and assumes full SREGnoe#ilA861 is

available athttps://www.eia.gov/electricity/data/eia861/

Vitolo, T., Horowitz, A., Luckow, P., and N Santen. 2015.
Standard Resources. Synapse Energy Econolmigs//www.synapsenergy.com/sites/default/files/Meetihdarylands

RPS15111.pdf

Brown, A., Beiter, P., Heimiller, D., Davidson, C., Denholm, P., Melius, J., Lopez, A., Hettinger, D.C)M&odh®, Porro.

HAaMp® G9AaAGAYFGAYA wSySgloftS 9ySNHE 902y2YAO t20SydAart Ay
Renewale Energy Laboratory. Available atvw.nrel.gov/docHy150sti/64503.pdf

27" Brown,et. al, 2015p83and 117

25

26
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t hat Maryl andds annual electric load is more
25 percent of Mar ylaamgaeds tlhaaachd®hse Hiistrictos e

INn2032, t he Districtods aabouu3pakbr temntt o6 thpetbwdes
available renewable resources. By measure ofigtedstimate from the Maryland study, the

Di st r B2dobdds®.1@2e0r cent of RIeWable resowmces. Giaemthiae r
Districtdos tot al l oad in 2032 is expected to
renewable resourcei is expected that there will be more than enough renewable energy

resources 0 meet t he rdenttrgetin 20820fshe DiKridt mpets its annual solar

carveout each year, meeting the renewable target becomes even more feasildeer, there

is a chance that meeting the RPS could be more challenging@ifstéies in PJM increase their
RPSstandards, créiag higherdemand for RECh the region

3.2. Solar Carve-Out

To assesthe feasibility of the District meeting its solar caiwmat of 10 percent by 204 e
evaluated both the technical feasibility andetenomic feasibility of meeting thaiweout, as
defined below:

1 Technical feasibilityls there sufficient space in the District (on rooftops, parking
lots, and open land) to host the requiretbant of solar necessary to meet the
carveout?

1 Economic feability : Will the economics of solge.g., SREC prices, installation
costs) supporsolardevelopmensufficiently to meet the carveut?

Technical Feasibility

To meet the carveut, the District needs to install a total of 665 MW of solar by Z04ble
2).2931 As will be dscussed in detail in Secti@h5, our geospatial analysis shows that the
District has enough space to host a2@&0 MW of solar PV After considering shading and
other installation barrigr we find that the District has nearly 1300 MW of solar installation

28 ys Energy Information Administration State Electricity Profiletps://www.eia.gov/electricity/state/

29 tis worth noting that theresj of course, some uncertainty associated with how these assumptions about the PIJIM REC

market will hold up going out to 2032; however, if pashtls in the PJM market hold steady, the District is very likely to
meet its goal of 100 percent renewable endng2032.

30 Following PJM, we assume 0.2% growth in load per year. PJM Load Forecast Report, January 2019, page 80. See:

https://www.pjm.comdmedia/library/reportsnotices/loaeforecast/2019o0ad report.ashx?la=en

31 n 2019, the capacity factor of a standard solar system in the District is about 15.7 percent (NREL PVWatts). We assumed

that by 2041, the average capacitgtéa PV in the Districtvill be at least 22 perceiitthe capacity factor of the highest
efficiency panels on the market. We assumed 18 percent capacity factor as the typical value given that systems installed
towards the end of the study period are likelye in less optimdbcations than those installed at the start. For consistency,
reported historical carveut targets are calculated based upon an 18 percent capacity factor, which undervalue the total
installed capacity that would have been requicetheet historical taegs.
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potential. This quantity is neartljouble the required installed capacity the District néedseet
its solarcarveout target in 2041, therefore, we conclude that attaining the solaraairie
technically feasible.

Economic Feasibility

Though the solar carveut target is technicallieasible for the District, meeting the catvet

will only be economicallyfeasiblewith the SREC price above a certain minimum leW note
that historcd experience has supported #fficacy of the ACP in pulling up the SREC market
price(a rehtionship we refer to as the ACFREC market mechanism), as the datdablel
shows.

Table 1. Annual weighted-average SREC price ($/MWh)

Year 2011 2012 2013 2014 2015 2016 2017 2018
SP?IEeC $300.16  $327.57 $364.75 $416.50 $435.12 @ $477.18 @ $390.05 $396.63
ACP $500.00/ | $500.00/
Price $500.00 = $500.00  $500.00 $500.00 = $500.00 | $500.00 $350.00  $300.00

Sair ce: DC P S C, Reriewablp Bnergyy PortfoliotStarelard o mp | i ance Year 20180
(https://dcpsc.org/PSCDC/media/lmages/RemorREP Sfor-2019-043019final.pdf). The ACPprice schedule was sby the
Distributed Generation Amendment Act of 2@h#lrevised inthe2016law. Years 2017 and 2018 have split pricing to reflect
grandfathering  under the 2011 act and thevised(higher) ACPfor new supply conécts.

The Di st r i cthedigheshi@t® nagoonshauld theoretically provide sufficient
stimulusthrough the ACFSREC market mechanism. Yéerequiredsolar buildout has noyet
materialized®® The gap between the target and actual solarllatstas in the Dstricthas largely
persistedhrough 2019As of the start of 2019, the District had just 64 percent of the capacity
required by the carveut The ACP is presently set at $500 and will fall to $400 in 2024 and to
$300 in 20292 Since thecurrent ACP has not spurred the regdiPV buildout thus far, it raises
the questiorof whether the District will meet its solar targets in later years under a diminished
ACP.

Figurel presents cumulative itedled solr capacity in the District, anéiveout requirements,
since 2009.Table2 on the following pag@rovides more detailed data on RPS requirements and
District compliance.

32 WhiletheDi st r i c tb Meet tie adlat carxase requirement could be taken@éma facieevidence that the SREC

market price is insufficiently high to spur the necessary huiild we rather follow the approach ¢éakin the 2017 Synapse
report in assuming a specific SREC price ldghet is anecessary but not sufficient condition for caoug compliance.
While SREC prices above the sufficient level might engender greater investment in satdeypret the failee to achieve
the carveout target, given an SREC price above the sufficient |eseh primarily noreconomic story.

33 Clean Energy DC Omnibus Amendment Act of 2018. These values are in nominal dollars.
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Figure 1. Cumulative District solar and legislated carveout trajectory
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SourceRPS requirement is fro@ode of the District of Columbia §34432
(https://code.dccouncil.us/dc/council/code/seciBd1432.htm) and Synapse calculations. Historical installations are fio@
PSC, ALi st of EIigi bl @ttps¥ieaps.arg/Wtilitynfor@ationéEtectric/BRenandes/Renewable
EnergyPortfolio-StandardProgram.aspx Future projection i9ased orSynapse calculations
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Table 2. District of Columbia RPS requirements and achievement

Tier 1 Tier 2 Solar Carve- @ Solar Carve- Solar Carve-
Year Requirement Requirement out out out
(;0 Sales) (% Sales) | Requirement | Requirement Achievement
(% Sales) (MW) (MW)
2009 3.00% 2.50% 0.02% 1.8 0.0
2010 3.50% 2.50% 0.03% 2.8 1.3
2011 4.00% 2.50% 0.40% 35.9 16.0
2012 5.00% 2.50% 0.50% 43.7 24.2
2013 6.50% 2.50% 0.50% 43.0 27.2
2014 8.00% 2.50% 0.60% 52.1 30.8
2015 9.50% 2.50% 0.70% 61.4 34.8
2016 11.50% 2.00% 0.83% 73.0 40.3
2017 13.50% 1.50% 0.98% 83.1 52.0
2018 15.50% 1.00% 1.15% 97.3 67.1
2019 17.50% 0.50% 1.85% 127.2 81.1
2020 20.00% 0.00% 2.18% 149.3 -
2021 26.25% 0.00% 2.50% 171.4 -
2022 32.50% 0.00% 2.60% 178.5 -
2023 38.75% 0.00% 2.85% 195.6 -
2024 45.00% 0.00% 3.15% 216.0 -
2025 52.00% 0.00% 3.45% 236.3 -
2026 59.00% 0.00% 3.75% 256.6 -
2027 66.00% 0.00% 4.10% 280.2 -
2028 73.00% 0.00% 4.50% 307.0 -
2029 80.00% 0.00% 4.75% 323.9 -
2030 87.00% 0.00% 5.00% 340.8 -
2031 94.00% 0.00% 5.25% 357.7 -
2032 100.00% 0.00% 5.50% 374.6 -
2033 100.00% 0.00% 6.00% 407.5 -
2034 100.0% 0.00% 6.50% 440.3 -
2035 100.00% 0.00% 7.00% 472.9 -
2036 100.00% 0.00% 7.50% 505.3 -
2037 100.00% 0.00% 8.00% 537.6 -
2038 100.00% 0.00% 8.50% 569.7 -
2039 100.00% 0.00% 9.00% 601.7 -
2040 100.00% 0.00% 9.50% 633.4 -
2041 100.00% 0.00% 10.00% 665.1 -

Source: RPS requirement is from Code of the District of Columbigl§32
(https://code.dccouncil.us/dc/council/code/sectiond/832.htm) and Synapse calculations. kbisical installations are fronDC
PSC, ALi st of EIigi bl @tpRlaops.arg/btilitynfor@ationéElectric/ReewablesiRengwable
EnergyPortfolio-StandardProgram.aspk

While the ACP and restant SREC price are critical elements in spurring solar adoption in the District,
the level of solar installation will be influenced by other factors Thefactors thatnay affect

residential and commercial investm@nPV include etail electridty rates the hard and softoss of
installing solar, the ability of customers tecass financing for solathe availability é rebates and other
incentives (such as tax dits), thelevel of investment through Distriétinded programghe ease of
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interconnectionand hosting capacity constraifBigure2 on the following pagdlustrates that many

regions in the District aralread experiencing hosting capacity constraintsoureqgr e a fspeci al
to interconnect solabistribution sysem hosting capacity constraimeesent another significant

challengeasthe Districtaims to increase the rate of solar PV instalfateomeetthe solarcarveout

Given these challenges, it is uncertain whether the District will meet itscemlagout target. To
guide policy recommendatiofgr meeting the targeSynapse developed three solar installation
projections throug2041, develped with both technical and economic feasibilitymind. These
projections are described in the followisection

Figure 2. Hosting capacity constraints in the District, as of July 2019

I|\1

Layers

~[% RadisiHostingCapacityPHI - Pepco
g 1y

Allowable_PV_kW

Special Request
> 1,500 - 15,000
> 1,000 - 1,500

> 500- 1,000

>250-500

>0-250

—_—0-0

RedialHostingCapacityPHI - DPL

RedielHostingCapecityPHI - ACE

"Iy

Source Pepco, Hosting Capacity Map
(https:/iwww.pepco.com/SmartEnergy/MyGreenPowerConnection/Pages/HostingCapacityMajptespistrict of Columbia
is locatel only within thedashed blackine.

34 Total costs for installing a solar PV systare typically dividednto hard andsoftcost categories. Hard costs are those for
the physical infrastructure, while soft costs are all other associated costs, including costs for permitting, finaneitigg mark
and customer acquisition, and intercoctian, with labor as aignificant element. While soft costs have dropped in the
District in the recent past, there is reason to be optimistic that they may continue to fall with increasing penetiation of P
Scale economics and a maturing sector shodfltheoptimize financibBmechanisms, while the impetus for widespread
adoption from the RPS should reduce marketing and customer acquisition costs for developers. Notably, the District has
been awarded the Sol Smart 0 Gomrancéinidspestiorgacanimuratynengagemente cogni t i o
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4. SOLARROJECTI ONS

Synapse developed three projectidnow, Middle, andHighd for thetotal solar PV installed
in the District from 2019 to 2041. Thesejactionswerebased on historical installations in the
District and are informed bihe RPS anthe calculatedechnicalpotentialof solar in the

District. As mentioned in the previoggction each projectiors based ira different economic
contextfor solar in theDistrict, with the market price for SRECs varying with the installed
capacity ané@nnual generation of small P8ynapselso projected the contribution of
community versus private solar and tteatributionof solar PV by installation type (rooftop,
parking lot canopyand groundgmouny). The following sections describe our sources atbg
approach, and results.

4.1. Data Sources

Synapse relied on solar installation data sets provided iy the t Publc Seivge

Commission (PSC) and the Distr@epartment of Energy and Environment (DOEEY. These
comprehensive data sets include evarhar PVand solar thermahstallation within the District

of Columbia installed from May 19, 20@8rough the end afune 20197 The data includes

details suctas capacity (in MW), address, Certification Number, and, in some cases, the GATS
Unit ID. ThePSC dataset also include&£2 MW of solar PV installations located outside the
District that qualify for the RPS as grandfathered generation capacity.

This anaysis also relied wthe use of Geographic Information Systems (GIS) software. All
datasets fothe GIS analysis were derived from Open Data*PC.

4.2. Solar Projections for theDistrict

Synapse produced three projections of solar development in the Didtedttow projection
represents a highly conservative estimate of future solar adaptidmichthe annual solar
installation rate remains atdkevel experienced i@018 The Middle projection depicts a
trajectory that meets the solar caxue for most othe period througR041. Thehigh projection

3% 5/ t{/3 wSySslotS 9ySNHE t2NITF2fA2 {dFyRINR tNRINIYZ a[ A&l
2019 at:https://dcpsc.org/Utilityinformation/Electric/Renewables/RenewableergyPortfolio-StandareProgram.aspx

36 This dataset was acquired directly from thestrict DOEE through a nedlisclosure agreement

37 Because the 2009 datioes not begin on January 1, it was necessary to includeyetaprojections for 2009 for a fair

yearoveryear comparison. To calculate installations deployed in Q1 2009, we assumed that the ratio of Q1 2009 to rest
of-year 2009wvas equal to the cormgponding ratio in 2010.

38 Open Data DChttp://opendata.dc.gov/
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envisionssolarinstallations exceeding caneeit requirement$ an outcome only expected with
a technological breakthrough or signifitahange irsolarregulationor policy.

For all projections, we assumed that the RPS andheé&tring policies will not be modified
through 2041 and that building codésstoric district standards, and other restrictions will not be
made more restrictive.

Low Projection for Solar PV Installations in the District of Columbia, 20Bi 2041

The RPS experience in the District so far has been mixed. While the District hesssuite

met its Tier 1 requirements since the passage of the Distributed Generation Amendment Act of
2011, suppliers have nodwsistently procured enough SRECs and have instead paid the ACP in
eachyeat?According to Synaps efesentty@rioughidolaricapacityso, t he
generatette needed credif§.

One explanation for this shortfall is titaeeconomicof the ACRSREC market mechanisis
not the limiting factor for District solar investment. In thew projection we assume that othe
factor® suchas distribution system constraints or administrative huddstinueto hinder
investment. Since it isnclear how much incremental solar capasiould be added each year
given these limitations, we assume that the rate of installati®dliBremans constant for the
full model perial. This equates to 14 MW of new solar capacity annuallyashe/ear throgh
2041

As shown inFigure3 on the following pageunder thd_.ow Projection, cumulative solar
capacity is forecast to reach ab830MW by 2041 ,about 59 percent of the requiregpacity to
meet the carveut*! The data associated wikligure3 are inthe Appendix.

Synapse considers this projectitm be coservative, primarily because the market ability to

install 14 MWof solar PV in the future already exists, without need for additional labor,
improved solar eamomics, or new policies. However, the sunsetting of the solar federal
Investment TaxCredit begnning in December 2019 and probable reduatoihe SREC market

price due to the legislated stepdown in the ACP value could slow the pace of solar installations,
raising the prospect that solar development in the District might never reaeljtived leel.

39 While District suppliers have satisfied their Tier 1 and Tier 2 requirements in the aggregate, individual supplieilethave fa

to achieve Tier 1argets. Interestingly, District suppliers have overpurchased Tier 1 RECs and used the excess to satisfy Tier
2 requirements.

40 District suppliers retired less than half the required SRECs in 2017. It is worth noting that thistdedect just a

production shortfall; SRECs remain valid for three years after minting. It appears that District suppliers took advantage of
the grandfathering provision in the 2016 legislation that made snpgly contracts subject to an ACP tvais in fact
lower than themarket SREC price in the District.

4L This figure includes the 20.4 MW of qualifying solar resources located outside of the District that have been grandfathered

into the program.
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Figure 3. Low projection of annual and cumulative solar PV in the District of Columbia
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Source:RPSrequirement is fron€ode of the District of Columbia §3¥432
(https://code.dccouncil.us/dc/council/code/sectiond/832.htm) and Synapse calculations. Historical installations are fid@
PSC, ALi st of EIigi bl @ttpseaps.arg/ltilitgnfor@atinnéEtectric/Benavalbtes/Rerewable
EnergyPortfolio-StandardProgram.aspx Future projection i®ased orSynapse calculations.

Middle Projection for Solar PV Installations in the District of Columbia, 20191 2041

TheMiddle projectionassumes thafaCP-SREC market mechanism will work to britige
District into carveout compliancén the coming years.

As mentioned irBection3, SREC revenue is a critical drivef solarinvestment sincé enables
customes to pay off PV system investmenit$ius, the SREC price directly influences the rate of solar
adoption through itsxfluence on the payback period of the solar sysftdPayback periods and adoption
rates are imerselyrelated with adoption ratefalling as the payback peristhcreaseThe Middle
projection assumes that the District will attain its annual eanigoals sdong as the prevailing SREC
price produces sufficiently short payback period

We adaped the methodology of the 2017 Synapse stadystimatehe relationship betwedhe
SREC price and solar adoptian theDistrictd s r e sdordneercialand industrial rooftops
(ter med A ec onlotmtstudy Syhapse transtatedthe dlal Renewable Energy

42 See for exampleBen Sigrin and Easan Drurf,Di f f usi on i :rEtooomi Return®Requkrer bysHouseholds to
Adopt Rooft op AAIENergy Market Brediction SymposiGhAAl Energy Market Prediction
Symposium, Washington, DC, 201#)ote that the payback period is determinednarily by SREC revenues, balso
influenced by the value of energy generated by solar PV installations.
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Laboratoryés (NREL) mar ket diffusion results
peak ACP value of $500 suggts dour-year payback period for an average solar PV
investmentThe 2017 study formulated a referendéi {idle) projection for eventual total

installed capacity of 64 percent of total technical potential for residential rooftops, and 26

percent of totatlechnical potential for commercial and industrial ro@flich was based on an

assumed payback periodfofe years*3

We used a different approachdastimate the economic adoption limit for parking lots in the
District. As we explain at length fBection0, there has been little PV development uddte on

DC parking lots Although nearly complete coverage is possible @alid¢donditions, a variety of
site-specific and policy details reduce potential. Irregular sitengexy, onsite trees to be
preserved, sloping terrain, asdading due to trees nearby structas can all reduce technical
potential, as can policy constmgs including total PV capacity permitted (in absolute terms or
relative to orsite consumption), use permittance, setback requirements, height constraints, and
historic preseration specificatias, as well as uncertainty due to the lack of a clear géseriof

the process and constraints writ large.

To account for the impact of thesgnypotential constraintsye excluded small lots entirely from our

technical potential, anchose a moderatgzonomic adoption factor of 60%. The 2017 Synapse study had

not including parking | ots in its wohviduslyappioghle nor w
to the case of lot¥ To the extent that the Dr#tt can reduce oeliminate legal and piay restrictions as

well as streamline and clarify the pess, a more certain estimatdethnical and economic potential

will be possible.

Table 3. Solar potential by sector, assumindjv e-year payback period
Economic Adaption Limit Technical Potential (MW) Overall Potential (MW)

Sector a b .
Residential 64% 400 256
C&l 26% 1,280 333
Parking Lots 60% 1,100 660
Total - - 1,249

Source: NREL (Whited et al. pages 99 and 104) and Syicajisdations.

43 \Whited et al., 2017, pages 99 and 104. These values take roof age, orientation, angle, and shading intdcdetbant.
even if panels were tecelmade free (a zetgear pgback period), the Synapse analysis concluded that total installed
capacity would still fall below the technical maximum capacity implied by eligible District rooftop area.

44 Note that in the case of géng lots, the variousitnits on development, inclirt) both District regulations and natural

barriers are all expressed through the economic adoption factor, though some of these limits are of atgobiitical

rather than economic nature. We chose to reflect tms&trénts through just the ecomdc adoption limit factor, rather

than by also reducing the technical potential, to avoid providing false precision given the degree of uncertainty in the form
of the constraints that may impeded solar PV development on DC géoksn
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Whi | e e aavehag $REQ@ pridesithin theMiddle projectionis associated with different
payback period, and hence with a different economic potential for the District,ingpties
dynamic would be difficult. We therefore used alifiging approach and assumed just two
payback periods for solar investment in the Distffct:

1 Fiveyears between 2019 and 20@8&st period) when the ACP is between $500
and $400, and

1 Tenyeas between 2029 and 204decond periodwhen the ACP has fallen to
$300.

An SREC price level #t supports éive-year payback period is expected to spur enough
investment in solar to eventually reach caoue requirements. However, a-$6ar payback
period will not draw enough investmentstay onthe carveout trajectory*®

Throughmid-2019, sola deployment in the District has laggé carveout trajectory and we
expect that it will take some time for the level of adoption and the -carvieajedories to
convergeWhile the total capacity of installed solar in the District is less thanattve-out
requirement, wassume thatolar installation wilfollow a logistic growth curvé alsocalled an
A urveo for its sdroavihadynamid foriadoptionsof naw teclinalogy im
this analysis, we used the Bd3#fusion specificatiorfor the logistic curvewhich is explained
in more detail in the next sectidor theHigh Projection

We estimate an-8urve for the first model period wiln SREC price level that supports a five
year payback period on solar PV investments. As illuesdrat Table 3, this SREC price level
implies a maximum solar PV potential of 1,249 MW for the District. HoweveDib&ict is not
expected to stay on this growth curve indefinitely. Instead, once thematrvequirenent is
achieved SREC priceshoulddecline, whichwill constraingrowth inthe market to the level of
adoption necessary to meet the cavué If sola development were to exceed the quantity
required by the solar canaut, therewould be a surplus ddivailable SRECs and the price of
SRECs would be expected to &alpresumably to the prevailing Tier 1 REC market pritBus,

45 We note that th&-year payback period is a rough average: an ACP of $500 in 2019 is associated with a slightly shorter

payback period, while a $400 ACP in 2028 is associated with a slightly longer payback period. Similarly, the payback
period br predicted SREC prices the years between 2029 and 2041 will drift upward from 10 years, but we consider 10
years to be a suitable approximation, in light of the many other unmodeled variables that may affect the economics over the
intervening period.

46 Asin the Low projectionin this projection, we assumed that the RPS andaneétring policies will not be modified

through 2041, and that building codes, historic district standards, and other restrictions will not be made more restrictive.
We assumethat Pepcavill maintain docal distribution network capable of allowing the interconnections necessary for
compliance and that any additional costs, if imposed on the participants, will not substantially change the economics of sola
PV installations.
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we assume thahe SREC mardit reaclkesan equilibrium price at the level required to spur
sufficient solar development to meet 8war carveout during the first period’

The second model period beginid29 wherthe ACPdrops to$300 and thassumegbayback
periodgrowsto 10 yearsUsing the same approach for the first period, we estimate that the
payback period associated witte lower SREC prices from 2029 onward implies a maximum
potental for theDistrict of just 574 MW*8 Due to the higher gwth dynamics of the first
period, we project that 585 MW of solaill be installedin theMiddle projectionby 2041
leavingthe Didrict short of compliancey about 12 percenigure4 belowpresents th#&liddle
projection.

Figure 4. Middle projection of annual and cumulative solar PV in the District of Columbia
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Source RPSrequirement is fronCode of the District of Columbia §3#432
(https://code.dccouncil.us/dc/council/code/sectiond/832.htm) and Synapse calculations. Historical ingitions are fromDC

47 In the 2017 study, Synapsletermined the economic incentive necessary for deployment to be about $280/MWh (2015

dollarg. SeeWhited et al., 2017, page 13A/e assume that at market equilibrium, reached in the Middle projection, the
SREC value falls to this level, adjusted fditation into given year nominal dollars.

48 This value is calculated based on the total economic potential (adoption rate fasgorsated with a teyear payback

period, as determined by Sigrin and Drury; the technical potential is not presumedde ulith the SREC price. The

economic potential for parking lots is estimated at 60 percent in the first period and 40 pereaeaéaotid period. We

assume that it declines less than the economic potential for the other categories of solar devetmemeottsp canopies

are expected to disproportionately host community solar installations, which are expected to be lesdcahsitiges in

the market SREC price (given the District governmentoés r ol
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PSC, ALi st of EIigi bl @ttpseaps.arg/btilitnfor@atinnéEiectric/Benavabies/Revable
EnergyPortfolio-StandardProgram.aspx Future projection i®ased orSynapse calcations.

High Projection for Solar PV Installations in the District of Columbia, 20191 2041

TheHigh projectionenvisions solar development in the District followentyajectory thais

often observed in the diffusion of new technologies. We Usegistic curve, also known as an S
curve to model how adoption might rapidly increase over the coming yBaeslogstic model
exhibits exponentidike growth for a limied period, then levels off as it approaches a
predefined limit.

Critically, this growth is only likely to take hold with some other policy intervention or dramatic
technological breakthrough that clgas the economics of solar, enabling a far larger sifare
District residents and businesses to invest in solar, in spite of a falling SRE@patieeuld

result from a glut of available SRE(Rossible factors at play in this projection include
technol@ical breakthroughs that make solar cheaper to buwhklrforms of subsidization (such
as federal funding), and other policy and/or legislative changes.

As discussed in the previous section,wsed a variant of logistic function known as the Bass
Diffusion model to develop theigh projection curvé?® Thereis extensive recent literature that
applies the Bass Diffusion model in some form to edgrtechnology diffusio® This model is
controlledby two primaryfactors: historical adoption and maximum potenfile general form
of the model is provided belo

Q0 P
p o5 1 N°°
whereois the number of yeathat have elapsed sindeetstart of adoptionQ0 is the portion of
the total potential market thatlopts in a particular yed®o indicates thdractionof the total
potential maket that has previously adiggl the technologyyji s t h e nfod o d fnfniocviad i or
nist he ficoef fici emaod isthé total mmheraof peaple whp haaemady
adopted the technologyo calculate) andry, Synapse used a leasfuaes approach, with
historicalsolar PV growth in the District for the period 20@918.Solving for'O0 in each year
and multiplying by thenaximumpotential of a technology yields the adoption of the technology
in each year.

49 Bass, Frank M. "A newroduct growth for model consumer durabldddnagement sciendeb.5 (1969): 21827.

50 For a recent example of using the Basdu3ibn curve to model growth dynamics in the U.S., see Dong, Changgui,
Benjamin Sigrin, and Gregory Brinkman. "Forecastiegidential solar photovoltaic deployment in
California." Technological Forecasting and Social Chahfjé (2017): 252265. For an expration of the underlying social
forces that drive residential PV adoption, see: Curtius, Hans Christoph, et al. "Shosgomball approach? Accelerating
the diffusion of rooftop solar photovoltaics through peer effects and social nénesdy Policyl18 (2018): 59602.
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We adopted the total ecomec potential(Section4.2) implied by afive-year system payback
period that was used for the first phase of Middle projection model. While an argument could
be made for assuming an even shorter pdypadod,and higher total solar potential for the
District, to reflect the novel dynamics that must prevath District for solar adoption to

exhibit logistic growh in spite of the current constraints, we maintain this total ceiling as a
conservativaapproactto modeling haréandfast limitations that would be expected to
eventually confront solar expansion in thistict.

As shownin Figure5, theHigh projection results i1,236MW of solar by 2041. This value
includes the 8.4 MW of grandfathered solar. Annual installations peak irf202abou92 MW
per year. This projectioresults innearly double the sol@arveout requiremenbeing installed
by 204131

Figure 5. High projection Bass Offusion bestfit curve of Solar PV installations in DC, 2009 2041
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Source:RPSrequirement is fronCode of the District of Columbia §3#432
(https://code.dccouncil.us/dc/catificode/sections/34432.htm) and Synapse calculations. Historical installations are fid@
PSC, ALi st of EIligi bl @tpelaops.arg/Btilitynfor@atinnéEtectric/Banavables/Reretvable
EnergyPortfolio-StandardProgram.aspy Future projection i9ased orSynapse calculations.

51 Asin theMiddle projection, this projection assumes no barriers to implementation, such astisstréonstraints, delays in
the interconnection process, or installation labor availability.
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4.3. Solar Projections by Ward

Meeting the Di staanveouttarge wil gequireeas appropratgeogradplacr
distribution of solar installations aigs the District, in alignment with the distribution of solar
techical potenial. Moreover, he District Government also has a desire to ensure that access to
solar PV is notimited to the most affluent areas of the Distriearly identification of which

wards are lagging their technical solar potential may help the District do targeted solar education,
outreach, or community solar planning. As sugynapse conductednaardlevel solaranalysis

for each of twhrascoDpriset of thefolldnsng ei g ht

1 Identification of the number of existing solar installations and the eéatsting
solar capacity in eachard

1 Calculationofeacivardd s s har e of rtetheicalpotentiarusigt 6s sol a
GIS;

1 Comparison of the technical potential and existingrsharesn eachward and

1 Application of thewardlevel technical potentiaharedo theLow, Middle, and
High District solarprojections.

Historical Installations by Ward

Existing solar installations in the District weratched to avardassignmenby geocoding each

installation address (i,econverting street addresses into a latitude and longitude location),

importing those locations into GIS, and joining theadatet wi t h a shawad i | e o1
boundaries.

Figure6 on the following pagshows the distribution of esting solar instaditiors and capacity
by ward Interestingly, thevards with the highest numbef solar instdhations @bout 700
installations each ilWards 4 and 6) do not have the greatest satlarcapacity(less than 7.5

MW each) This impliesthat thesavards have a larger number of levapacity PV installations
(e.g.,small residentiabr smdl commercialsolar).Ward 4is in the nortlernmost portion of the
city and is primarily a residentiatard®? Ward 6is in the heart of the city and has vetiyerse
neighborhood characteristjaacludingparts of Downtown, the residential higises of he
Waterfront, and the historiCapitol Hill residential neighborhood.Conversely, Ward 8 has
relatively few solar instalteons (about 350) but a relativelgrge share of the total solar capacity
in the District (about 8.7 MW), likely due to the present several largeapacity ingllations.

52 About Ward 4, DC.gov Office of Planniniitps://planning.dc.gov/page/abenard4.

53 About Ward 6DC.gov Office of Plannindhttps://planning.dc.gov/page/abeuérd6.
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Ward 8 is a residential and commercial area with many large green spacesBoitriheiir

Force Basé?

Figure 6. Existing number of solar installations {op left), installed capacity (op right) , average solar
installation size (bottom left), and median installation size (bottom rightpy ward through end of2018
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Information/Electric/Renewables/RenewaBleergyPortfolio-StandardProgram.aspxand GIS data fron®pen DataDC

(http://opendata.dc.goy/

54 About Ward 8, DC.gov Office of Planniniitps://planning.dc.gov/pagaboutward-8.

Gener ator s.
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Ward Technical Potentials

Comparing the relative technical potential of eaerdto the histoical share of solar installed

in eachward(as a fraction of the entire District) can hapunderstand how the distribution of
existing solar installations across eacérdaligns withtla t  w sechrical potential. If a

wardd s p r shpre aPl sngtallatiors based on technical potentialsubstantially different
from its historical PV adoption levels, it would imply that fiwlevelopment may differ from
the technical potential due to other factors, such as fwwnership ratesr income levels. This
information can help findune polcies to improve outreach and reduce barriers to uptake that
relate to the characteristics edchward

Synapse calculated the technical potential of &anidusing GIS analysis of rooftops and
parking lots>® For rooftop solar, we used the Reference Gasenomic potential results from
Table3, equivalento 1,250 MW, and scaled it to easfardusing the share of available rooftop
space in eactvard®® For parking lot solar, we used the totabaomic potential calculated in
Sectiord.2, equivalent to about 660 MW, asdaled it to eactvardusing the share of available
parking lot space in eashard®’

Table4 on the following pageummaizes the comparison of historical solar insttdin shares

and the technical potential share éachward As shown i the tablehistorical installation#n
Wards2andar e substantiall y b e lnicalpotentiabdVdasd 3ismthed s 6 s h
uppernorthwest quadrant of the District, extending from the Hawthorne and Chevy Chase
neighbohoods down to thborder of Georgetown. It is bordered on the west by Maryland and

the PotomacBecause this warcbntains many affluent neighborhoods with large hgmes

customer economics are not a likely deterrent to solar development. Instead, salaakenfess

or inteest in solar PV may be more likely factovgard 2 extends from Georgetown in the west

to Chinatown in the east and includes the central business district and the Federal Triangle.
Challenges to installing solar in Ward 2 may be rel&iguermitting diffculties in the

downtown region of DC or to the high prevalence of historic districts in the ward. Until recently,

solar PV panels could not be installedonffbrm ci ng roofs of homes i n D

In contrast, installatios to date in War@ seem to be higher than expected basdatsoelative
technical potential. Ward 7 is the easternmesid and containsnanysinglefamily homes®

55 We excluded groundhounted solar from this analysis based on the results in Sdciomhich shows that grounghount

solarismt | i kely to represent a substantial share of the Distr

56 Synapse did this analysis in GIS using the Building Footprints Spatial Dataset from Open Data DC,

http://opendata.dc.gov/datasets/a657b34942564aa8b06f293cb0934cbhd 1

Synapse did this analysis in GIS using the Alleys and Parking Spatial Dataset from Open Data DC,
http://opendata.dc.gov/datasets/dc3dc5310f1f4be7alfa6cde59b564df 62.

District of Columbia Office of Plannindnttpsi/planning.dc.gov/

57

58
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Table 4. Comparison of historical and technical potential solar baresin eachward

Historical Historical Technical Technical
Solar Shares Potential (MW) Potential Difference
(MW) (%) Shares (%)
a b c d b-d
Ward 1 4.4 6.6% 153 6.4% 0.2%
Ward 2 4.0 5.8% 291 12.2% -6.4%
Ward 3 6.4 9.5% 298 12.5% -3.0%
Ward 4 8.4 12.6% 267 11.2% 1.4%
Ward 5 12.1 18.1% 447 18.7% -0.6%
Ward 6 9.8 14.6% 331 13.9% 0.7%
Ward 7 11.4 17.0% 265 11.1% 5.9%
Ward 8 10.5 15.7% 334 14.0% 1.7%
Total 67 100% 2,385 100.0% -

Source: Synapse calculations basedo@ P S C, ALiRanevialEll @ g6 ethaps:/&dtpscrog/Utiity s x , 0
Information/Electric/Renewables/RenewaBleergyPortfolio-StandardProgram.asp), GIS datafrom Open DataDC
(http://lopendata.dc.goy/and Synapse calculations.

Because past installations ax@ necessarily a predictor of future solar adopt®ymapse

applied thevard-basedechnical potetials inTable4 to each of the solar projections developed
for the District. Wetook this approach because the potiens are intended to indieapotential,

to guide the District iwards what an even disttibon of solar installations might look like for

t he Di st rForalithveg préjections,rwe assumed that the annual-butldf solar in
eachwardis based on the appropriate Distngtde projection (i.e.l.ow, Middle, or High),

scaled by the relate technical potential of solar PV in eaghrd (which does not differ by
projection). The following equation illustrates this approach:

5o 0o 2

In the equation abov®V is the annual amount of solar (MW) added in Wahat a given
projection,PVuistrict is the annual amount of solar (MW) added across the District for a given
projection, angiis the relative technical pertial for solar in Ward, calculated as a pem@age
as follows:

“YO
"Y0

In the equation abov@p, is the technical potential in MW of War@dndTPuistict IS the technical
potential in MW of the mitire District. This approach assumes that, regardless girjection

(e.g, Low, Middle, orHigh), the relative sare of solar expected to be built in eadrddoes

not change. For example, in each projection, Ward 1 is expected to host 6.4 percent of the solar
capacity built in the District for each ye&igure7, Figure8, andFigure9 illustrate the
cumulativesolar capacity built in eackardfor the Low, Middle, andHigh prgjections.
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Figure 7. Ward-basedLow projection of solar PV adoption (MW) in the District of Columbia
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Figure 8. Ward-basedMiddle projection of solar PV adoption (MW) in the District of Columbia
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Figure 9. Ward-basedhow projection of solar PV adoption (MW) in the District of Columbia
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Source:For Figure 7, Figure 8, andFigure 9, Synapse calculations witBlS datafrom Open DataDC (
http://opendata.dc.goy/

4.4. Community and Privately-Owned Solar

Community solarreferred to as community reneableenergy facility (CREF)n the District is

a project in which multiple residents or businessec an pur chase or | ease a
a large array locateelsewheren the service territoryThat is, the facility does not need to be
directtyconnec ed t o t he cInstedad,ot ce@ bedosatethanywdhere in the District.
With commurity solar, renters and lowo-moderate income families can benefit from the value
provided by solar electricityeven if they do not have a suitable rooftopher ability to finance
their own solar arrayThere are many different types of ownership andrfcing models for
community solar allowed ithe District including those hosted and developed by businesses,
organizations, condo associations, groups ajhtsrs, the municipal government, or other
entities>® In 2013, the Districhassed the Communifenewables Energy Act, which supisor
the development of community solar in the District through policies such as community net
metering, which gives custonsefull retail rate credit on their electricity bill for the solar
generatedby the CREF°

59 Community Solar in DC, Solar United Neighbdnips://www.solarunitedneighbors.org/dc/ledine-issuesin-d-
c/communitysolarin-d-c/.

60 Council of the District of Columbidttp://dcclims1.dccouncil.us/images/00001/20131003111525.pdf
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In conept, community solar is particularly attractive in the Disuliee tothe large share of
rentersand multiunit dwellingsin the city®tIn reality, communig solar still has challenges that
are slowing its development in the Distridespite the accommating policiesThese
challengesnclude a more complex permitting process, management of multiple contracts for
multiple subscribers, the need to obtairfisignt commitment from subscribers to ensure the
project will be financiallyviable, identification of business owners and/or rophse suitable for
communityscale PV systems, and the governance structure of an ine@sted utility in a
restructuredtsite where Pepco cannot own generalfolnd for the owners of private buildings
in particular (intuding large multifamily apartmeibuildings), there are insufficient financial
incentives Specifically, incentives are needecetcourage hosting commungyplarfor the
benefit of tenantsver direct nemeteringto offset commongace energy usage, igh benefits
the landlord

Since2016 when Pepco started accepting CREF applicativerg haveen limited community
solar devipment in the DistrictAs of the end of 2019, there was only about 2.7 MW of
installed community solarapacity?® To expedié the growth of community solar in the District,
theDistrict of ColumbiaDOEE implemented its Solar for All program. The progfamds the
development of community and singlmily solar installations throughout the District by
providing monetay grantsto organizations to install solar for the benefit of {meome
residents, seniors, ngofits, and small business¥sThese solar projects will be installed on
both public and private property and are expected to generate enoughisglec power up ¢
6,800 households by 2032, with the goal of eventually providing power to 100,0@6-low
moderate income househof¥§® About 50 percent of installations are expected to be on public
District-owned land and 50 percent are expectdukton pivately-ownedland (e.qg.,
commercial, large multifamily, neprofit, affordable housing, industridlj.Of the community

61 Nearly 60 percent of housing in the District is rented. 20087 American Community Survey-Bear Estimates, Form

B25003. See:
https://factfinder.census.gov/faces/tableservices/jsf/pagesiproew.xhtml?pid=ACS 17 5YR_B25003&prodType=table

Whited, et al., 217.

62

63 see District of Columbia Public Service Commission Docket RMO9.

64 Department of Energy and Environment, Renewable Portfolio Standard Expansion Amendment Act of 2016 &ord Solar

All Annual Report, October 8, 201&eptember 30, 201 @vailable at
https://doee.dc.gov/sites/default/fldc/sites/ddoe/service content/attachments/2017%20Solar%20for%20All 24N

20Report.pdf
https://www.positivechangepc.gduncategorized/dcseseekingsolarcontractorsanddevelopergor-solarfor-all/ .

65

66 pc DOEE, Solar for Allhttps://doee.dc.gov/solarforall

67 Roughly calculated based on information availabléips://doee.dc.gov/node/10482
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solar prgects that had begroposedt the time dthis reporf only one of themvasplanned as
a groundmounted installatiof® Therestwere to beon rooftops and parking lot canopies.

Community Solar In the District

The Districtwide solarprojections described in the sections above do not diffeterteween
private and community solar installations. Because the District has a strong imténest i

success of community solar in its jurisdiction, Synapse developed a projection of cogmmunit
solar within the larger solar PV projection. However, forecasting community solar in the District
is challenging for several reasons, including:

1 There ishasbeen limitedcommunity solar installation in the Distriethich
makes it infeasible to develgpojectiors based on historical community solar
installation rates.

1 Although Solar for All has been a successful governfugrted program, its
success has be@rimarily due to government subsidies, coordination of sponsors
through a centralized prograamd use of municipal rooftop spadde rate of
future development of community solar through the Solar for All program
therefore largely depends on policy #ans, rather than market trends.

1 Itis difficult to develop a projection based on communitiaisproject economics
due to the wide variety of potential ownership and financing models and the
predominance of governmestibsidized projects thus far.

1 Itisdifficult to extrapolate the growth rate of community solar from other
jurisdictions (e.g., Minesota, Massachusetts, and California) to the District of
Columbia because those states have much more open land available for large
community solar. The Distt is limited primarily to rooftops and parking lot
canopies (see Installation Type section)ichtseverely constragthe potential
size of a typical community solar project and redube benefits of economies of
scale.

For the reasons listed abovgn8pse mdeseveral simplifying assumptions in order to develop
community solar projections faine District. These assumptiowgreguided by the concept that
the governmenrtunded Solar for All program will likely only continue until it meets its goal of
providing bill savings for 100,000 leto-moderatencome household3herefore, community
sola ownership and financing models must eventually begin to rely on private eitiges.
applied he following conservative assumptions based on that concept:

68 OxonRunisa grounthounted 3 MW installation sponsored by the Department of General Services in the District. This
installation is also a pilot project to test energy stersgjutions coupled with solar. For more information, see:
https://www.ncpc.gov/docs/actions/2019February/8035_Grounldr SArray Facility_at Oxon_Run__Delegated Action_
Feb2019.pdf
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1. Districtowned property is more likely to host community solar than private property and
U.S.government propert§?©

2. District-owned land will only host commuyisolar installations, and all future
community solar installations will be located on Digtowned land;

3. The fraction of rooftop capacity that is Distrmivned is equal to the fractiof eligible
land that is owned by the District; and

4. The pace of dar PV development on Districiwned land will equal the pace of PV
developmat on other land.

Under these assumptions, calculating a forecast for community solar requires calculating the

fraction of appropriate Distrisdwned land relative to all land appropriate for solar 8¥hapse
perfformedand ar ea cal cul ati ons mgRroot@BHBDIUSti migec tma p
GovernmentLandand #fA Al | ey s g sodrcetfoonOpenData.dt.gowWes O

calculated ranicipalbuilding footprintand municipal parking lot footprint aredy intersecting

the two shapefiles to create a new set of data that only includes the building footprint of
municipalland.

To calculate community solar potential, first summed the municip&uilding and munigad

parking lot footprints, which total about 5.8 million square meters. We then sumntetathe
building (excluding federal government buildings)d parking lot footprints, which total about

44.5 million square meters. Then, digided themunicipal fodprint total by the eligible

footprint total(seeTable5).”t The result of this calculation is thiB percentof the Bit r i ct 6 s
rooftopand parking lotirea is located on municipal buildings, and thus a gooddztetor
community solar.

69 Thoughthis assumption does not align with the existing NH#&&abody community solar installation in the District (which
was installed on the roof of a private building), experience iargthisdictions suggests that municipal property is most
likely to be elgible for community solar installations due to the simpler permitting and approval processes.

0 tis highly unlikely that federal government property would be used for a solallatisin that benefits only local District

residents. Given thattheDisttc t 6 s only communi ty s eolrsed buildings theeelisltha potemtial i s on
for future community solar installations on privatelned land or roofs. Howevenrfthe purposes of simplicity, we
assumed conservatively that only munaifand and buildings will host future community solar installations.

n Eligible land does not include parcels classified as parkways, parks, vacant land, medians, playgrosrusatpieuses,

pumping stations, or special use.
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Table 5. Building footprint of municipal and all -District buildings

Shapefile Area (square meters)

Municipal Building Footprint 3,683,076
All Eligible Building Footprint 33,748,151
Fraction of Municipal Buildings 6%
Municipal Parking Lot Footprint 2,251,432
All Eligible Parking Lot Footprint 10,844,278
Fraction of Municipal Parking Lots 21%
Fraction of Municipal Buildings and Parking Lots irthe o
District 13%

Source:Synapse calculationsith GIS data fomOpen DataDC (http://opendata.dc.goy/

We applied thd 3 percent value to the solar projections for each yeastimate community

solar capacityBecause of the challenges in developing community sotheilstrict, the

fraction of community solar installed out to 2041 is very likely to be lessliBarcent of the

total solar installed each year. However, tfakie provides an upper boundthe expected
build-outfor community solar in the District. Tes@mate the likely installation rate of

community solar in the District based on project economics would require a clear understanding
of the most financially viable community solar modeltfee District. To our knowledge, such a
model does not yet exiskhe fraction of privately hosted community solar installations per year

is much more difficult to predict for the reasons described in detail above, unless projected in the
context of a progam like Solar for All in which privateandownergatrticipate aprogram

rooftop sponsors. Therefore, the fraction of privately hosted community solar is likely to be less
than that of municipally hosted community solar.

Multiplying the aggregate PV forast by87 percent provides the forecasted minimal-ion
communitysolar capacity. LowMiddle, andHigh community and private solar projections are
shown inFigure10, Figurell, andFigure1l2. Cumulatve community solar deployment in the
Low projection is50 MW, in theMiddle projection is89 MW, and in theHigh projection is150
MW.
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Figure 10. Community and private solar growth in the District under Low projection
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Figure 11. Community and private solar growth in the District under Middle projection
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Figure 12. Community and private solar growth in the District under High projection

Source:For Figure 10, Figure 11, andFigure 12, RPS requirement is fro@ode of the District of Columbia 83432
(https://code.dccouncil.us/dc/council/code/sectiond/832.htm) and Synapse calculations. Historical installations are fid@
PSC, ALi st of EIigi bl @ttpeapse.arg/ltilitenfoiGeatinréEtectric/RenawvableERewable
EnergyPortfolio-StandardProgram.aspx Future projection ivased orBynapse calculations.

Community Solar by Ward

To cdculatethe potential focommunity solaon District propertypy ward, we divided the tota
area in the Building Footprint dataset by the municipal building footprint area in the District
Government datet that was deemed eligible for community s&lafable6 shows the
resulting fraction of community solar potentiat eachward Thefraction of community solar
potential was applied to all three projections for eaelndand is held constant a@®the study
period. For reference, the total community rooftop solar potential across the District, as
calculated in th@rior section is almut 6 percent of total solar Ppotential, while parking lot
community solar is approximateBi percent(Table5). Combined, the total community solar
potential in the District (rooftop and parking lot) is ab&8tpercent. The community solar
potential in eactwardranges from 4 t@4 percent. The highest potential for community solar is
in Wards 7 and 8, which are both adjacent to the Anacostia &neare host to a large

2 Eligible land does nanclude parcels classified as parkways, parks, vacant land, medians, playgrounds, piers, boathouses,
pumping stations, or special use.
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